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ABSTRACT 
 
 
 
 
Water tree is a process that causes degradation of insulation performance and 
ageing of Cross-Linked Polyethylene (XLPE) underground cables.  It is  known as one 
of the major causes of premature ageing and failure of polymeric cables.  Previous 
research has shown that there are different effects of ageing time on water tree growth in 
different types of polymeric insulating materials where nickel and platinum have been 
used as electrodes and were found to cause corrosion and reduce efficiency.  Thus, in 
this research, a modified test assembly using tungsten needle as an electrode to avoid 
corrosion and increase efficiency was introduced.  This research investigated the effects 
of ageing time on water tree growth in two different types of polymeric sample namely 
(XLPE) and Low-Density Polyethylene (LDPE) under high voltage stress.  Using 
computational simulation, the effect of voltage application and angle of tip radius against 
electric field using COMSOL 4.2a was studied.  In this study, the polymeric samples 
were prepared using a new method known as “leaf-like” specimen method.  The 
experiment was based on BS IEC 61956 2001, “Methods of test for the evaluation of 
water treeing in insulating materials” and BS EN 60243-1 : 1998, “Electrical strength of 
insulating materials-Test methods”.  Samples were exposed to high voltage injection for 
150 hours and 470 hours.  The simulation results show that when voltage application 
increases, the electric field will increase.  Besides that, a lower angle of tip radius in 
polymeric sample, will result in higher electric field being produced.  Experimental 
results show that water tree growth is proportional to ageing time of the two polymeric 
samples.  However, XLPE has better water treeing resistance than LDPE because the 
average length of water tree growth for LDPE is higher as compared to XLPE.  This 
study has shown that ageing time as the cause of water tree growth that causes 
degradation in insulation performance has different effects on different types of 
polymers. 
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ABSTRAK 
 
 
 
 
Pepohon air ialah satu proses yang menyebabkan degradasi prestasi penebat dan 
penuaan Polietilen Hubung-Silang (XLPE) kabel bawah tanah.  Proses ini menjadi salah 
satu punca utama penuaan pramatang dan kegagalan kabel polimer.  Kajian terdahulu 
menunjukkan terdapat kesan yang berlainan terhadap masa penuaan kepada 
pertumbuhan pepohon air dalam pelbagai jenis bahan penebat polimer dengan nikel dan 
platinum digunakan sebagai elektrod didapati menyebabkan hakisan dan mengurangkan 
kecekapan.  Dalam kajian ini, pemasangan ujian diubah suai menggunakan tungsten 
sebagai elektrod untuk mengelakkan hakisan dan meningkatkan kecekapan.  Kajian ini 
mengkaji kesan masa penuaan terhadap pertumbuhan pepohon air dalam dua jenis 
sampel polimer iaitu (XLPE) dan Polietilen Berketumpatan-Rendah (LDPE) di bawah 
tekanan voltan tinggi.  Kesan aplikasi voltan dan sudut jejari hujung terhadap medan 
elektrik menggunakan COMSOL 4.2a telah dikaji menggunakan simulasi pengiraan.  
Dalam kajian ini, sampel polimer telah disediakan dengan kaedah spesimen "jenis 
dedaun".  Eksperimen ini berdasarkan BS IEC 61956 2001, "Kaedah ujian untuk 
penilaian pepohon air dalam bahan-bahan penebat" dan BS EN 60243-1: 1998, 
"Kekuatan elektrik bahan penebat – Kaedah ujian”.  Sampel telah didedahkan kepada 
suntikan voltan tinggi selama 150 jam dan 470 jam.  Keputusan simulasi menunjukkan 
apabila aplikasi voltan bertambah medan elektrik akan bertambah.  Selain itu, jejari 
hujung di dalam polimer yang bersudut lebih rendah akan menghasilkan medan elektrik 
yang lebih tinggi.  Keputusan eksperimen menunjukkan pertumbuhan pepohon air 
berkadar terus dengan masa penuaan kedua-dua sampel polimer.  Walau bagaimanapun 
XLPE mempunyai rintangan pepohon air yang lebih baik daripada LDPE kerana purata 
tempoh pertumbuhan pepohon air untuk LDPE adalah lebih tinggi berbanding dengan 
XLPE.  Kajian ini menunjukkan bahawa masa penuaan merupakan punca pertumbuhan 
pepohon air yang menyebabkan kemerosotan dalam prestasi penebat yang mempunyai 
kesan berbeza kepada jenis polimer yang digunakan. 
